Removing brain areas generating time-irreversible iEEG signals is associated with seizure freedom. Time-irreversible iEEG signals are characterized by an asymmetry of increases and decreases. Directed horizontal visibility graphs quantify efficiently the time-irreversibility of iEEG signals.
Results: In 31 of 32 seizure recordings we found time-irreversible iEEG signals. The maximally timeirreversible signals always occurred during seizures, with highest probability in the middle of the first seizure half. These signals spanned a large range of frequencies and amplitudes but were all characterized by saw-tooth like shaped components. Brain regions removed from patients who became post-surgically seizure-free generated significantly larger time-irreversibilities than regions removed from patients who still had seizures after surgery. Conclusions: Our results corroborate that ictal time-irreversible iEEG signals can indeed serve as markers of the epileptogenic zone and can be efficiently detected and quantified in a time-resolved manner by dHVG based methods. Significance: Ictal time-irreversible EEG signals can help to improve pre-surgical evaluation in patients suffering from pharmaco-resistant epilepsies. Ó 2016 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
The aim of pre-surgical evaluation of patients suffering from pharmacoresistant epilepsies is to delineate the epileptogenic zone, which has been defined as the minimal area of cortex that must be resected to produce seizure-freedom (Luders et al., 2006) . Since there is still no unique diagnostic method to precisely, directly and unequivocally identify the epileptogenic zone, it is crucial to extract as much information as possible from existing modalities. Intracranial EEG (iEEG) is currently the technology with the highest spatiotemporal resolution and the best signal-to-noise ratio to record the electric brain activity during human epileptic 
